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For more than a century, the problem of transition to turbulence has been an area of interest to researchers. This interest is due to, firstly, the necessity of solving practical problems, related, for instance, to the task of controlling boundary layer, in order to decrease the drag of aircrafts and vessels. Secondly, the study of transition to turbulence is an integral part of a more fundamental problem, ((i.e. the description of the very phenomenon of turbulence)). In the end of the nineteenth century, Reynolds [1] and Rayleigh [2] hypothesized that the reason of transition from laminar flows to turbulent ones is the instability of the former. In other words, an increase of the intensity of waves within an instable boundary layer leads to the destruction of laminar flows. In 1924, Heisenberg [3] laid the x Sakhr Abu-Darag, University of Defence, Kounicova 65, 662 10 Brno, Czech Republic, e-mail:
foundation for developing a linear theory of hydrodynamic instability. First computations of the boundary layer stability were performed much later -between the end of the 1920s and the beginning of the 1930s by Tollmien [4] and Schlichting [5] [6] [7] . Later, Taylor [8] proposed another hypothesis, according to which transition to turbulence is caused by fluctuations within the outer flow that lead to the local separations of the boundary layer. Until the 40-th, doubts about the validity of the stability theory prevailed, for the experimental evidence of that period was in favour of the Taylor hypothesis. In particular, the experiments by Dryden [9] [10] , who applied a novel for that time technique: measurements by the use of thermo-anemometer, were supportive of the Taylor hypothesis. In 1948, for the first time, Schubauer and Skramstad [11] found out how fluctuations within the boundary layer play the key role in the destruction of the laminar flow regime. It is known that transition in boundary layer that flows in turbomachines and aerospace devices is affected by various parameters, such as freestream turbulence, pressure gradient and separation, Reynolds number, Mach number, turbulent length scale, wall roughness, streamline curvature and heat transfer. Due to this variety of parameters, there is no existing mathematical model that can predict the onset and length of the transition region. In addition to the influence of these parameters upon transition origination, the poor understanding of the fundamental mechanisms which lead initially small disturbances to transition may also causes this lack. Considering a rigorous theory of the laminar-turbulent transition, then such an adequate formal theory, in the first place, has to allow the description of the evolution of instability: its appearance, development, the observable destruction of the laminar flow, and the final transition to a fully developed turbulent flow. Solving such a problem involves great mathematical difficulties. In fact, in spite of all efforts, until today there no fundamental theory of transition, just experiments and correlations that try to predict the final onset of fully turbulent flow. The objective of the present work is to evaluate experimentally the capability of a new apparatus designed for conducting experiments of transitional boundary layer flows over a flat plate with zero pressure gradient.
EXPERIMENTAL FACILITY AND MEASUREMENT TECHNIQUES

Test facility for the investigation
The test stand used to conduct the experiment investigation is designed and constructed at the laboratory of aerodynamics, University of Defence. The test facility consists of a rectangular duct set on the suction side of air source apparatus. The working section is 2 m long with a cross section of 0.44 m in width and 0.25 m in height. The bottom wall of the test section was made from aluminium, whereas the upper surface and side walls were Plexiglas in order to make the measurement process visible. The layout of the stand is shown in Figure 1 . The range of the freestream velocity U λ outside the boundary layer can be controlled between 3-10 m/s, whereas the variation was measured by traversing velocity probe normal to the wall at six locations along the plate and was less than 0.2%. Figure 2 represents the streamwise mean velocity distribution. Three-blade steel axial fan 50 cm in diameter driven by 23.3 kW alternating-current motor was used to deliver the air through the source apparatus. The rpm regulator of the power unit is used to control the velocity range through the duct. To serve constant pressure gradient along the flat plate in streamwise direction, two seamless precision screens were installed at the end of the tunnel. The first mesh is 0.375 ০ 0.375 mm with a wire diameter of 0.10 mm and free area 62 % was installed 35 cm downstream before the trailing edge of the plate while the second mesh is 0.50 ০ 0.50 mm with a wire diameter of 0.14 mm and free area 61 % was installed at the end of the duct. The wall-normal pressure distribution at different locations represents in Figure 3 and 4. Smooth rounded entrance with ellipse shape (a=230 mm and b=140 mm) was attached to the duct at the inlet in order to reduce the effect of the abrupt entrance condition on the test stand characteristics. The most influenced characteristics by the entrance geometry are entrance length, local friction factor, pressure gradient variation in the entry region, and the laminar to turbulent transition for the flow in the duct [12] .
The turbulence level in the test section is reduced by installing damping screen upstream between the entrance and the duct. The specification of the mesh is 0.09 ০ 0.09 mm with a wire diameter of 0.05 mm and free area 40 %. Figure 5 illustrates the turbulence intensity distribution along the flat plate. Although the apparatus is recommended to have a longitudinal fluctuation level less than 0.1% in the streamwise direction and less than 0.2% in the spanwise and wall-normal direction, it is clear that the turbulence level average in the duct is approximately 1.5%. A computer-controlled two-axis traversing system indicated by Figure 6 permits to measure in streamwise and wall-normal coordinates system, while the signals are recorded using Lab-VIEW with a 16-bit NI PCI-6040E data acquisition card. 
Data acquisition
A single DISA 55A22 hot wire probe having a platinum-plated tungsten wire 1.25 mm long and 5 μm diameter and operated by a DISA 55D01 CTA unit was used to measure the streamwise velocity component and free-stream turbulence intensity data. The hot wire was calibrated in the tunnel free stream using an adjacent standard Pitot-static tube for measurement of the tunnel refrence velocity. The probe was mounted on a traversing mechanism capable of traversing in the streamwise, x , and wall-normal, y , directions permitting aligned perpenduclar sensor to the surface of the plate. The streamwise distance of six measuring holes originating from the leading edge was measured using metering gauge along the centre line of the test surface. The distance between the plate surface and the probe was determined and set to 0.5 mm. The voltage signal from the 01001-p.3 EFM11 hot wire was digitized at a sampling frequency of 20 kHz using 16 bit analogue to digital converter for number of samples equal to 2.10 16 .
Flat plate set-up
The bottom wall of the duct is used as a model for the plate at zero incidence to study the boundary layer characteristics and the influence of the heat transfer upon transition process. The material of the plate is hardened commercial duralumin sheet consist of Al, Cu4 and Mg. Thickness of the plate is 6 mm and the entire allowable working length is 152 mm due to the instruction of the downstream screen and effect of the entrance. 
Heating system
Heating blanket that consists of heating pads designed as a heating apparatus laboratory tool is used in the experimental investigation to heat the plate. The heating bands were mounted on the back of the plate, placed between the duralumin sheet and wooden sheet. The heating element used in the appliance is heating cable for high loads with triple insulation. Regular distance of the heating wire coils from each other is required to ensure a uniform heat transfer and to avoid local overheating. Operation of the heating pads is limited by the built-in thermostat automatically cuts off the power when the temperature exceeded the nominal range. The off temperature thermostat is 129 Û& while the working temperature is 100Û& 7KH WHPSHUDWXUH DORQJ WKH SODWH LV GHWHUPLQHG
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by a thermocouple mounted in the traversing mechanism. Thin film heat flux sensors fixed (taped) on the plate surface at constant interval of 250 mm is used to read the temperature on the plate along the entire working length. Moreover, permanent electronic thermocouples are installed along streamwise direction with the same previous sensors interval to deduct the free stream temperature at different locations 
THEORTICAL BACKGROUND
Considering flow over a flat plate with a zero pressure gradient, the exact solution for laminar boundary layer which proposed by Blasius gives the thickness of the boundary layer [13] and [14] For turbulent boundary layer, the thickness cannot be exactly determined. However, it can be estimated by using the momentum-integral equation given by Kármán [15] is Reynolds number. (10) According to this relation for any given n , the numerical value of a can directly be determined.
RESULTS AND DISCUSSION
Characterization of boundary layers
There are many techniques in literature that characterize the boundary layer, to determine whether it is laminar, transitional or turbulent. Among those techniques, the variation of boundary layer integral parameters such as momentum thickness, friction coefficient and shape factor within the boundary layer or the prediction of the nature of the velocity profile inside the boundary layer. The later process is proceed by assuming a variety of velocity profiles for turbulent boundary layer as laid out by [16] or even for laminar boundary layer [13] .
Generally, in the boundary layer analysis, the leading edge of the plate is considered as an origin point of the coordinate system of the geometry where the measurements and the Reynolds numbers must be referenced. The complication appears when the bottom wall of the apparatus is used as a flat plate model that the origin of this geometry 01001-p.7 EFM11 location is not clearly identified. Two options are valid for the case under study to determine the exact reference point. The first option is the inlet to the test section and the second one the inlet to the entrance cone of the tunnel.
The effects of differentiating between the virtual and geometry references are quite perceptible when it is considered. For instance, in case of using a blunted flat plate or a sharp flat plate at negative angle of attack at the middle of the test section, the expected errors obtained is about 20-30% in streamwise direction and 10-15% errors in Re x [17] .
Libii J. N. [16] also figured out respectable variations in x -coordinate for the three origin references he considered. Since the difference between both origins in the present investigation is not so large and has no a remarkable effect on the boundary layer parameters, it seems acceptable to consider the inlet of the test section as a reference point.
The corresponding distances in the duct are shown in Table 1 . Using the chosen origin, the boundary layers were found to be turbulent and the workable power-law formula had values of n equal to 6. This suggestion fit in the experimental data obtained by HW with the theoretical calculation of the turbulent boundary layer. The main reason to represent the growth of the boundary layer with the help of the theory is the lack of information on the flow near the wall. The corresponding curve that shows this predicted growth of boundary-layer along the plate is represented in Figure 7 . The parameters of the turbulent boundary layer over a flat plate at zero incidence such as displacement thickness, momentum thickness, friction coefficient and shape factor were calculated directly from Table 2 which provided by [16] . Figure 8 represents the velocity profile at four locations along the plate, specifically hole 3 to hole 6, while Figures 9 and 10 represent the momentum thickness, T , and the skin friction coefficient, 
Difficulties facing the experimental investigation
Although it is conventional to use a fabricated flat plate in the middle of a tunnel for conducting boundary layer experiments, it seems that it is possible to use the bottom wall of the tunnel for the same task under some restrictions and observations. The question rises here: do we always find the boundary layer which we are searching for? Since the boundary layer detected by the experimental investigation in this work is turbulent, it means that the test facility is failed to achieve the first rule mentioned by Saric [17] which describes the basic requirements for the boundary-layer stability experiments. The theoretical investigations of the boundary layers assume that the laminar flow is normally influenced by some disturbances which could come from different sources. Therefore, experiments are usually conducted in tunnel mainly under conditions of controlled disturbance excitation. This restriction implies that in the present study it is very important to maintain a satisfactory correlation of the experimental data with the stability theory to ensure that the basic state is probably correct. The main observed disturbance comes from the suction air source behind the apparatus. The affect of this disturbance on the average velocity profile variation in hole No. 1 located at 25 cm downstream of the leading edge is depicted in Figure 11 . Reduction of influence of this source of disturbance on the mean flow has been done by inserting an additional fine mesh attached to the one which installed at the end of the tunnel. It is rather difficult to determine the exact boundary layer at this location since there is slight backflow up to approximately 3 mm over the plate. This result clarifies that additional sources of disturbances are exist.
It is well-known that turbulence may be initiated at the entrance of the duct or the pipe, therefore an exert effort was done to improve the entrance-flow geometry in such a way to reduce this effect. Since we used the bottom wall of the tunnel as a flat plate model, the laminar boundary layer expected to begin at the entrance with the same initial behaviour of the Blasius flat-plate solution but thinner than the Blasius estimate [18] . This fact is due to the retardation occurs near the wall which speeds up the potential core centre flow according to the requirements of the continuity state. Kandlikar S. G. and Campbell L. A. [12] verified that for severely disturbed entrance conditions a transitional flow may exist in the entire duct for specified range of Reynolds numbers, but in all cases it seems to be quite difficult in the present case to estimate that the non presence of the laminar boundary layer at the beginning of the plate is due to the effect of the rounded entrance used in the tunnel unless all other sources of disturbances are discover and solve or a new layout of the tunnel is establish and analyze.
Recognized disturbances could intend also due to side-wall blockedge. In case of 2-D disturbance source when carrying out stability measurements over a wide range of Reynolds numbers for a finite span length such as duct indicates that the domain of dependence of a finite span disturbance source propagates from each end toward centre span at angle range of approximately 8 to 12 degrees [19] and [17] . The experimentalists solved this problem in some tunnels by separating the plate at both sides from the tunnel side walls. When designing an experiment it is very important to determine the exact location of plate mounting in the test section. Satisfaction of this condition requires emphasizing two fundamentals rules. First, the plate should never mounted on an axis of symmetry or at locations 1/N of the tunnel span where N=2, 3, 4, etc. to avoid the vertical motions which may produce due to tunnels contraction with 01001-p.10 EPJ Web of Conferences ratios greater than 6. Acceptable location is somewhere between 0.38 and 0.45 unit span [17] . This true in all cases should never be in contradictory with the second rule of sidewall blockedge which implies that the disturbance amplitude near the side walls of the tunnel is different from linear theory. In the present experiment facility the measuring centre line is located at 0.4 of the width from the left side wall along the streamwise direction which clearly indicates that all holes after the third one located at 73 cm downstream from the leading edge are disturbed.
One of the main obstacles facing the measuring process is the wall proximity measurement. It is well-known that detailed information on the flow in the vicinity of the wall is of particular interest for viscous types of flow and heat transfer predictions [20] . The wall proximity corrections in some experiments are applied on the hot wire reading [21] . To be able to use the wall law to get information on the flow in the viscous sublayer this requires moving by hot wire very near to the wall and thereby the linear viscous relation could be implemented. In some experimental investigations they use microscope device to determine the last measuring point in the velocity profile while the lack of such device in the present work hampers efforts to accurately measure the distance between end of the profile and the wall. The near point to the wall was measured above 0.5 mm.
The task of stability and transition experimentation is not an easy task. When designing new experiment equipment, many parameters characteristics must be taken into consideration. Some of these characteristics such as mesh sizes and locations, numbers of samples and background of pressure distribution in spanwise direction. Conducting such kind of these experiments reveals that the measurements characteristics require a special sensitivity to environmental conditions. When small change in an experimental set-up and measuring is done, this may introduce unanticipated disturbances which can complicate the flow details or skew the interpretation of the results. Table 2 : Turbulent boundary layer over flat plate at zero pressure gradient [16] 
CONCLUSION
The new designed apparatus is evaluated for transition experimentation by carrying out an experimental investigation for boundary layer flows over flat plate at approximately zero pressure gradient. In the range of freestream velocity from 3 to 8 m/s, only turbulent boundary layer is developed along the flat plate of the duct which means that the basic state in the test section is affected more or less by some disturbances. Main source of receptivity in the duct return to the air suction device located behind the duct, while the others sources of disturbances require more analysis. Since the investigation on this facility is still running, the present preliminary results give basic information on the flow behaviour through the duct and can be considered as database for coming improvement.
